Web search technologies are fundamental tools to easily navigate through the huge amount of information available in the Internet. One particular type of search technologies are the socalled shopbots, or comparison sites. The emergence of Internet shopbots and their implications for price competition and market efficiency are the focus of this paper. We develop a simple model where a price comparison site tries to attract (possibly vertically and horizontally differentiated) online retailers on the one hand, and consumers on the other hand. The analysis of the model reveals that differentiation among the products of the retailers as well as their ability to price discriminate between on-and off-comparison-site consumers play a critical role. When products are homogeneous, if online retailers cannot charge different on-and off-the-comparisonsite prices, then the comparison site has incentives to charge fees so high that some firms are excluded, which generates price dispersion and an inefficient outcome. By contrast, when onand off-comparison-site prices can be different, the comparison site attracts all the players to the platform and the allocation is efficient. A similar result obtains when products are horizontally differentiated. In that case, the comparison site becomes an aggregator of product information and no matter whether firms can price discriminate or not, the comparison site attracts all the players to the platform and an efficient outcome ensues. We argue that the lack of vertical product differentiation may also be critical for this efficiency result. In fact, we show that when quality differences are large, the comparison site may find it profitable to charge fees such that low quality producers are excluded, thereby inducing an inefficient outcome.
Introduction
Not so long ago individuals used atlases, books, magazines, newspapers, and encyclopedias to find content. To locate businesses and their products, it was customary to use yellow pages, directories, newspapers, and advertisements, while family and friends were also a relevant source of information.
Nowadays things are quite different: many individuals interested in content, a good or a service usually conduct a first search on the Internet.
Through the Internet individuals can easily access an immense amount of information. Handling such a vast amount of information has become a complex task. Internet browsers constitute a first tool to ease the navigation experience. Thanks to the browsers, users move easily across documents and reach a large amount of information in just a few mouse-clicks. Search technologies are a second tool to facilitate the browsing experience. They are fundamental to navigate the Internet because they help users locate and aggregate content closely related to what they are interested in.
Search engines like Google, Yahoo, Bing, etc. constitute one type of search technologies. These search tools are often offered at no cost for users and the placing of advertisements constitutes the most important way through which these search engines are financed. By taking advantage of the keywords the user provides while searching for information, search engines can pick and deliver targeted advertisements to the most interested audience. In this way, search engines become a relatively precise channel through which producers and retailers can reach consumers. This raises the search engines' value and so their scope to extract rents from producers or retailers. The study of the business model of search engines constitutes a fascinating research area in economics (see e.g. Chen and He, 2006; Athey and Ellison, 2008; Spiegler and Eliaz, 2010; and Gomes, 2011 ).
Comparison sites, or shopping robots (shopbots) like PriceGrabber.com, Shopper.com, Google Product Search, and Bing Shopping, are a second type of search technologies. These sites help users find goods or services that are sold online. For multiple online vendors, shopbots provide a significant amount of information including the products they sell, the prices they charge, indicators about the quality of their services, their delivery costs as well as their payment methods. By using shopbots, consumers can easily compare a large number of alternatives available in the market and ultimately choose the most satisfactory one. Because they collate information from various offers relatively quickly, shopbots reduce consumer search costs considerably. Business models vary across comparison sites. Most shopbots do not charge consumers for access to their sites and therefore the bulk of their profits is obtained via commercial relationships with the shops they list. They get paid via subscription fees, click-through fees, or commission fees. Some comparison sites list sellers at no cost and get their revenue from sponsored links or sponsored ads. Finally, some charge consumers to obtain access to its information, while firms do not pay any fees.
The emergence of Internet shopbots in the marketplace raises questions not only about the competitiveness and efficiency of product markets but also about the most profitable business model. Do all types of firms have incentives to be listed in comparison sites? Why are the prices listed in these sites dispersed, even if the advertised products are seemingly homogeneous? Do comparison sites enhance social welfare? How much should each side of the market pay for the services offered by comparison sites? Addressing these questions will be the main focus of this paper. We will do this within a framework where a comparison site designs its fee structure to attract (possibly vertically and horizontally differentiated) online retailers on the one hand, and consumers on the other hand. While analyzing our model, we will describe the received wisdom in some detail.
The study of search engines other than comparison sites raises alternative interesting economic questions. The economics of search engines is described in Anderson (2011) . Of particular importance is the management of sponsored search advertisements. This is because search engines cannot limit themselves to just deliver consumer access to the advertiser placing the highest bid.
They must carefully manage the quality of the ads for otherwise they can lose the ability to obtain surplus from advertisers.
The rest of this paper is organized as follows. In Section 2, we describe the way comparison sites operate, as well as their main economic roles. We also summarize the main results obtained in the small existing theoretical literature in economics, and discuss empirical research on the topic.
In Section 3, we present a model of a comparison site. The model is then applied to comparison sites dealing with homogeneous products. Later we discuss the role of product differentiation, both horizontal and vertical. Price discrimination across channels is also an important issue so we dedicate some time to explain its role. The paper concludes with a summary of theoretical and empirical considerations and puts forward some ideas for further research.
Comparison sites
Comparison sites or shopbots are electronic intermediaries that assist buyers when they search for product and price information in the Internet. Shopbots have been operating on the Internet since the late 1990s. Compared to other more traditional intermediary institutions, most shopbots do not sell items themselves-instead they gather and aggregate price, product, and other relevant information from third-party sellers and present it to the consumers in an accessible way. By doing this, consumers can easily compare offers. Shopbots also display links to the vendors' websites.
These links allow a buyer to quickly navigate to the site of the seller that offers her the best deal. Shopbots operate according to several different business models. The most common is that users can access the comparison site for free, while sellers have to pay a fee. Initially, most comparison sites charged firms a flat fee for the right to be listed. More recently, this fee usually takes the form of a cost-per-click and is paid every time a consumer is referred to the seller's website from the comparison site. Most traditional shopbots, like for instance PriceGrabber.com, and Shopping.com operate in this way. Fees typically depend on product category-current rates at PriceGrabber range from $0.25 per click for clothing to $1.05 per click for plasma televisions. Alternatively, the fee can be based on the execution of a transaction. This is the case of Pricefight.com, which operates according to a cost-per-acquisition model. This model implies that sellers only pay a fee if a consumer buys the product. Other fees may exist for additional services. For example, sellers are often given the possibility to obtain priority positioning in the list after paying an extra fee.
A second business model consists of offering product and price comparison services for free to both sellers and buyers and relies on advertising as a source of revenue. Both Google Product Search and Microsoft's Bing Shopping are examples of comparison sites that have adopted this type of business model. Any seller can list products in these websites by uploading and maintaining a product data feed containing information about the product price, availability, shipping costs, etc.
A third, although less common model is to have consumers pay a membership fee to access the comparison site, while sellers are listed for free. AngiesList.com for instance aggregates consumer reviews about local service companies, which can be accessed by consumers for an annual membership fee between $10 and $50, depending on where the consumer lives.
Early intermediation literature
Shopbots are platforms through which buyers and sellers can establish contact with one another.
In this sense, comparison sites essentially play an intermediation role. As a result, we are first led to the literature on intermediation, which has been a topic of interest in economics in general, and in finance in particular. Spulber (1999) , in his study of the economic role and relevance of intermediaries, describes various value-adding roles played by intermediaries. The following aspects are prominent: buyer and seller aggregation, lowering of search and matching costs, and facilitation of pricing and clearing services.
In a market where buyers and sellers meet and negotiate over the terms of trade, a number of business risks and costs exist. Reducing such risks and costs is a key role played by intermediaries.
In terms of forgone welfare opportunities, not finding a suitable counter-party is in itself the most costly hazard trading partners face; sometimes a trading partner is found at a cost but either rationing occurs, or the failure to reach a satisfactory agreement takes place, in which case similar welfare losses are realized. In all these situations, an intermediary can enter the market and reduce the inefficiencies. By announcing prices publicly, and by committing to serve orders immediately, intermediaries reduce significantly the costs of transacting.
Intermediaries "make the market" by choosing input and output prices to maximize their profits.
Market makers trade on their own account and so they are ready to buy and sell in the market in which they operate. Provision of immediacy, which is a key aspect emphasized in the seminal articles of Demsetz (1968) and Rubinstein and Wolinsky (1987) , distinguishes market makers from other intermediating agents in the value chain. An example of a market maker is a supermarket chain with sufficient upstream bargaining power so as to have an influence on bid and ask prices. In finance, perhaps the most common examples of market-makers are stock exchange specialists (such as commercial banks, investment financial institutions, brokers, etc.). Market makers are also the subject of study in Gehrig (1993) , Yavas (1996) , Stahl (1988) , and Spulber (1999). Watanabe (2010) extends the analysis by making the intermediation institution endogenous. Rust and Hall (2003) distinguish between market-makers that post take-it-or-leave-it prices and middlemen who operate in the over-the-counter market at prices that can be negotiated. They study the conditions under which brokers and market-makers can coexist, and study the welfare properties of intermediated equilibria.
Price comparison sites are similar to traditional intermediaries in that they "facilitate" trade between online shoppers and retailers. However, what distinguishes a comparison site from a traditional intermediary is that the latter typically buys goods or services from upstream producers or sellers and re-sell them to consumers. Shopbots do not trade goods, but add value by aggregating information. In that sense, shopbots are more similar to employment agencies and realtors, who also serve the purpose of establishing a bridge between the supply and the demand side of the market.
How can a price comparison site enter the market and survive in the long run? Do comparison sites increase the competitiveness of product markets? Do they enhance market efficiency? This paper will revolve around these three questions. Whether a comparison site can stay in business in the long run is not, a priori, clear. The problem is that, given that retailers and consumers can encounter each other outside the platform and conduct transactions, the search market constitutes a feasible outside option for the agents. In fact, a comparison site can only stay in business if it chooses its intermediation fees carefully enough to out-compete the search market, or at least to make intermediated search as attractive as the search market. The question is then whether a comparison site can indeed create value for retailers and consumers.
The first paper studying these questions is Yavas (1994) . Yavas studies the match-making role of a monopolistic intermediary in a competitive environment. He shows that the intermediary can obtain a profit by attracting high valuation sellers and low valuation buyers; the rest of the agents trade in the decentralized market. Interestingly, relative to the market without intermediary, buyers and sellers lower their search intensity, which can ultimately decrease matching rates and cause a social welfare loss. Though Yavas' analysis is compelling, most markets are populated by firms that hold a significant amount of market power. Since market power drives a wedge between the market outcome and the social optimum, it cannot be ignored when modelling the interaction between comparison sites, retailers, and consumers in real-world markets. Our work specially adds in this direction.
Our model and results, and their relation to the literature
Our model, whose details are in Section 3, aims at understanding how comparison sites can overcome "local" market power and emerge in the marketplace. In addition, we study whether comparison sites enhance social welfare. "Local" market power can stem from geographical considerations, from loyalty, or from behavioral-type of assumptions such as random-shopping or default-bias (Spiegler, 2011 ).
Our model is inspired from Baye and Morgan's (2001) seminal paper. Baye and Morgan had geographical considerations in mind when they developed their model so in their case "local" market power arises from geographical market segmentation. From a general point of view, however, the particular source of "local" market power is not very important. We will assume buyers opting out of the comparison site will buy at random, and therefore this will be the main source of "local" market power. In essence, the model we study is as follows. Suppose that in a market initially characterized by some sort of segmentation, a price comparison site is opened up. Suppose that the comparison site initially succeeds at attracting some of the buyers from the various consumer segments. A comparison site this creates value for firms since a firm that advertises its product on the comparison site can access consumers "located" in other segmented markets. This is reinforcing in that consumers, by registering with the shopbot, can observe a number of product offerings from the advertising firms in addition to the usual one. We study the extent to which the market becomes centralized. We also compare the levels of welfare attained with and without a comparison site.
It turns out that product differentiation, both vertical and horizontal, as well as the possibility to price discriminate between the centralized and the decentralized marketplaces play an important role. We describe next the results we obtain and how they connect with earlier work.
We first study the case where retailers sell homogeneous products. This is the case examined in Baye and Morgan (2001) . We show that a crucial issue is whether online retailers can practice price discrimination across marketplaces or not. If price discrimination is not possible, as in Baye and Morgan, then the platform's manager has an incentive to raise firms' participation fees above zero so as to induce less than complete participation of the retailers. This results in an equilibrium with price dispersion, which enhances the gains users obtain from registering with the shopbot. Although establishing a price comparison site is welfare improving, the equilibrium is not efficient because prices are above marginal costs and the comparison site only attracts a share of the transactions.
We show that the market outcome is quite different when retailers can price discriminate across marketplaces, that is, when they are allowed to advertise on the price comparison site a price different from the one they charge in their websites. In that case, the utility consumers derive from buying randomly, which is the outside option of consumers, is significantly reduced and the price comparison site can choose its tariffs such that both consumers and firms fully participate, while still extracting all rents from the market. This means that with price discrimination the market allocation is efficient and all trade is centralized.
We then move to study the case in which retailers sell horizontally differentiated products. This case was examined by Galeotti and Moraga-González (2009). We employ here the random utility framework that gives rise to logit demands. In such a model, we show that the price comparison site can choose fees that fully internalize the network externalities present in the market. These fees attract all firms to the platform, which maximizes the quality of the matches consumers obtain and thereby the overall economic rents. The market allocation is not fully efficient because product sellers have market power. However, the monopolist intermediary does not introduce distortions over and above those arising from the market power of the differentiated product sellers. The fact that the comparison site attracts all retailers and buyers to the platform does not depend on whether the retailers can price discriminate across marketplaces or not. This result stems from the aggregation role played by the (product and price) comparison site. By luring firms into the platform not only price competition is fostered so consumers benefit from lower prices but also more choice is offered to consumers. Since the comparison site becomes an aggregator of variety, the comparison site becomes a marketplace more attractive for the buyers than the search market.
In our last model, we allow for vertical product differentiation in addition to horizontal product differentiation. The main result we obtain is that the nature of the pricing policy of the comparison site can change significantly, and produce an inefficient outcome. Note that when quality differences across retailers are absent, the comparison site obtains the bulk of its profits from the buyers. By lowering the fees charged to the firms, more value is created at the platform for consumers and this value is in turn extracted by the comparison site via consumer fees. We show that when quality differences are large, the comparison site may find it profitable to do otherwise by charging firm fees sufficiently high so as to prevent low quality producers from participating in the comparison site.
This raises the rents of the high quality sellers, and at the same time creates value for consumers.
These rents are in turn extracted by the comparison site via firm and consumer participation fees.
In this equilibrium, the intermediary produces a market allocation that is inefficient. Finally, some papers use data from comparison sites to estimate demand models. Ellison and Ellison (2009) study competition between sellers in a market in which the comparison site Pricewatch.com played a dominant role and, using sales data for one of the retailers, find that demand is tremendously price sensitive for the lowest quality memory modules. In addition Ellison and Ellison find evidence that sellers are using obfuscation strategies, with less elastic demand for higher quality items as a result. Koulayev (2010) estimates demand and search costs in a discrete choice product differentiation model using click-through data for hotel searches on Kayak.com, and finds that search frictions have a significant impact on demand elasticity estimates. In our model the comparison site is controlled by a monopolist. One group of users consists of firms selling products and the other group of users is made of consumers. From the point of view of a firm, participating in the comparison site is a way to exhibit its product and post its price to a potentially larger audience. An individual firm that does not advertise on the comparison site limits itself to selling to those customers who remain outside the platform. Likewise, for a consumer, visiting the platform is a way to learn the characteristics and the prices of all the products of the participating firms. A consumer who does not register with the comparison site can only trade outside the platform. We will assume consumers who opt out of the platform randomly visit a firm. 2 The monopoly platform sets participation fees for consumers and firms to attract business to the platform. Traditionally, comparison sites have used fixed advertising fees, or flat fees, paid by firms that participate. For the moment we shall assume other fees, like per-click or per-transaction fees, are equal to zero. 3 Let a denote the (fixed) fee the platform charges firms for participation.
Empirical literature
While the platform can charge different fees to firms and consumers, we assume the platform cannot price discriminate among firms by charging them different participation fees. Likewise, let s denote the fee charged to consumers for registering with the platform. For simplicity, assume the platform incurs no cost.
On the supply side of the market, there are two possibly vertically and horizontally differentiated retailers competing in prices. Let us normalize their unit production cost to zero. A retailer may decide to advertise its product and price on the platform (A) or not to advertise it at all (N A).
Advertising may involve certain cost k associated to the feeding up product and price information into the comparison site. For the moment, we will ignore this cost. Let E i = {A, N A} be the set of advertising strategies available to a firm i. A firm i's participation strategy is then a probability function over the set E i . We refer to α i as the probability with which a firm i chooses A, while 1−α i denotes the probability with which such a firm chooses N A. A firm i's pricing strategy on the platform is a price (distribution) F i . The firm may charge a different price (distribution), denoted F io , to the consumers who show up at the shop directly. 4 A strategy for firm i is thus denoted by
The strategies of both firms are denoted by σ and the (expected) payoff to a firm i given the strategy profile σ is denoted π i (σ).
There is a unit mass of consumers. Consumers can either pick a firm at random and buy there, or else subscribe to the platform, view the offerings of the advertising firms and buy the most attractive one. We assume that consumers are distributed uniformly across firms so each firm receives half of the non-subscribing consumers. Those buyers who choose not to register with the platform visit a retailer at random and buy there at the price p io . If they participate in the centralized market, they see all the products available and choose the one that matches them best.
To keep things simple, we assume that a consumer who registers with the platform cannot trade outside the platform within the current trading period, even if she finds no suitable product in the platform.
Consumer m's willingness to pay for the good sold by firm i is
The parameter ε im is assumed to be independently and identically double exponentially distributed across consumers and products with zero mean and unit variance and can be interpreted as a match parameter that measures the quality of the match between consumer i and product m. We assume there is an outside option with u 0 = ε 0m . Let G and g denote the cumulative and probability distribution functions of ε im , respectively. 5 A buyer demands a maximum of one unit. To allow for vertical product differentiation, let ∆ ≡ δ 1 − δ 2 > 0 be the (ex-ante) quality differential between the two products. Ex-ante, consumers do not know which firm sells which quality; like match values, the quality of a particular firm is only known after consumers visit such firm. Buyers may decide to register with the platform (S) or not at all (N S). The set of consumers' pure strategies is denoted R = {S, N S}. A consumer's mixed strategy is a probability function over the set R.
We refer to µ ∈ [0, 1] as the probability with which a consumer registers with the platform. Given all other agents' strategies, u(µ) denotes the (expected) utility of a consumer who subscribes with probability µ.
The timing of moves is the following. In the first stage, the comparison site chooses the participation fees. In the second stage, firms simultaneously decide on their participation and pricing decisions, while consumers decide whether to register with the platform or not. Firms and consumers that do not enter the platform can only conduct transactions when they match in the decentralized market; likewise, consumers who register with the comparison site can only conduct transactions there. The market clears when transactions between firms and consumers take place.
We study subgame perfect equilibria. 6 
Homogeneous products
It is convenient to start by assuming that firms sell homogeneous products. Therefore, we assume that ε im = 0 for all i, m, including the outside option, and that δ i = δ j . As a result, u im = δ for all i and m. This is the case analyzed in the seminal contribution of Baye and Morgan (2001) . 7 In 5 Matching values are realized only after consumers visit the platform or the individual shops. This implies that ex-ante all consumers are identical. This modelling seems to be appropriate when firms sell newly introduced products. 6 It is well known that in models with network externalities multiple equilibria can exist. In our model there is always an equilibrium where no agent uses the comparison site. This equilibrium is uninteresting and will therefore be ignored. 7 To be sure, the model of Baye and Morgan (2001) is more general because they study the N -retailers case and because consumers have elastic demands. In addition, for later use, we have assumed that consumers who register what follows, we will only sketch the procedure to derive a SPE. For details, we refer the reader to the original contribution of Baye and Morgan.
Let us proceed backwards and suppose that the participation fees a and s are such that firms and consumers are indifferent between participating in the price comparison site or not. Recall that µ denotes the fraction of participating consumers and α the probability with which a firm advertises its price on the platform. To allow for mixed pricing strategies, refer to F (p) as the advertised price.
Consider a firm that does not advertise at the price comparison site. This firm will only sell to a fraction (1 − µ)/2 of non-participating consumers and therefore it is optimal for this firm to charge the monopoly price δ. As a result, a firm that does not advertise at the price comparison site obtains a profit:
Consider now a firm that decides to charge a price p and advertise it at the price comparison site. This firm will sell to a fraction (1 − µ)/2 of non-participating consumers as well as to the participating consumers if the rival either does not advertise or advertises a higher price. Therefore, the profit this firm will obtain is 8
It is easy to see that for advertising fees 0 ≤ a < µδ an equilibrium in pure advertising strategies does not exist. In fact, if the rival firm did not advertise for sure, then firm i would obtain a profit equal to (1 − µ)δ/2 if it did not advertise either, while if it did advertise a price just below δ, this firm would obtain a profit equal to ((1 − µ)/2 + µ)δ − a. Likewise, an equilibrium where firms advertise with probability 1 does not exist either if a > 0. If the two firms advertised with probability 1, the price comparison site would resemble a standard Bertrand market so both firms would charge a price equal to the marginal cost and then firms would not obtain sufficient profits to cover the advertising fees. Therefore an equilibrium must have α ∈ (0, 1).
To solve for equilibrium, we impose the following indifference conditions:
with the platform cannot visit the local shop any longer. The results do not depend on this assumption and we will also make it here for overall consistency of our paper.
These conditions tell us that (i) a firm must be indifferent between advertising and not advertising (first equality) and also that (ii) a firm that advertises the monopoly price on the platform gets the same profits that a firm that advertises any other price in the support of the price distribution (second equality). Setting the condition π i (0, δ; σ * −i ) = π i (1, δ; σ * −i ) and solving for α gives the equilibrium advertising policy of the firms:
Using the condition π i (0, δ; σ * −i ) = π i (1, p; σ * −i ) and solving for F (p), gives the pricing policy of the firms:
The lower bound of the equilibrium price distribution is found by setting F * (p) = 0 and solving for p, which gives p = δ − 2α * δµ/(1 + µ).
We now turn to the users' side of the market. Users take as given firms' behavior so they believe firms to advertise with probability α * a price drawn from the support of F * . A user who registers with the platform encounters two prices in the price comparison site with probability α * 2 , in which case she picks the lowest one; with probability 2α * (1 − α * ) there is just one price advertised on the platform. The expected utility to a user who registers with the price comparison site is then
)f (p)dp and E[p] = δ p pf (p)dp. A user who does not register with the price comparison site always buys from one of the firms at random so her utility will be equal to zero if the chosen firm does not advertise, while it will be equal to δ − E[p] otherwise. Therefore,
As a result, for given advertising and subscription fees, we may have two types of market equilibria.
One is when users participate surely. In that case, users must derive a strictly positive utility from subscribing. The other is when users' participation rate is less than one. In that case, they must be indifferent between participating and not participating so µ must solve the following equation
Whether one equilibrium prevails over the other is a matter of expectations: if firms expect users to be pretty active then it is optimal for consumers to do so, and vice-versa.
We now fold the game backwards and consider the stage of the game where the manager of the price comparison site chooses the pair of advertising and subscription fees {a, s} to maximize its profits. The profits of the intermediary are: We now argue that a SPE with partial firm and user participation cannot be sustained. Suppose that at the equilibrium fees a and s, we have a continuation game equilibrium with α * , µ * < 1.
Then, the participation rate of the users µ * is given by the solution to u(1) = u(0) and the participation rate of the firms α * = 1 − a/δµ * . Table 1 shows that the intermediary's profits increase monotonically in s. The idea is that in this continuation equilibrium the elasticity of user demand for participation in the price comparison site is strictly positive. In the putative equilibrium u(1) = u(0). Keeping everything else fixed, an increase in s makes utility outside the platform lower than inside the platform. To restore equilibrium firms must advertise more frequently, which can only occur if the fraction of subscribing consumers increases. So an increase in s is accompanied by an increase in the participation rates of both retailers and users, as it can be seen in the table.
This clearly shows than in SPE it must be the case that µ = 1.
Given this result, to maximize the profits of the price comparison site we need to solve the problem max a {2α * a + s} s.t. u(1) ≥ u(0). Table 2 : Homogeneous products model: maximum profits intermediary the price advertised on the platform would be equal to the marginal cost and the firms would not make any money. In such a case the bulk of the profits of the price comparison site would have to be extracted from the consumers. However, in the absence of price dispersion no consumer would be willing to pay anything to register with the platform. To summarize, the key insights from Baye and Morgan (2001) are that the profits of the price comparison site are maximized when consumers participate with probability one but firms do not, in this way creating price dispersion and so subscription value for consumers. As we have mentioned above, price dispersion is ubiquitous also on the Internet (Baye, Morgan and Scholten, 2004) and, moreover, it is difficult to reject the null hypothesis that advertised prices on comparison sites are random (Moraga-González and Wildenbeest, 2008).
The role of price discrimination across marketplaces
In Baye and Morgan (2001) price comparison sites have incentives to create price dispersion since by doing so they create value for consumers. If prices on-and off-platform are similar, consumers are not interested in the platform services so the bulk of the money has to be made on the firms' side. By raising firms participation fees, a price comparison site achieves two objectives at once. On the one hand, competition between firms is weakened and this increases the possibility to extract rents from the firm side; on the other hand, price dispersion goes up and this in turn increases the possibility to extract rents from the user side of the market. This interesting result is intimately related to the assumption that online retailers cannot price discriminate across marketplaces. To see this, suppose that a firm could set a price at its own website which is different from the one advertised on the platform. Since consumers who do not register with the platform are assumed to pick a website at random, it is then obvious that the website's price would be equal to δ. A firm participating in the price comparison site would then obtain a profit equal to
In such a case, imposing the indifference conditions for equilibrium that
would yield
Now we argue that, to maximize profits, the price comparison site wishes to induce full participation of firms and consumers, thereby maximizing social welfare and extracting all the surplus. The expected utility to a user who registers with the price comparison site is given by the same expression
A user who does not register with the price comparison site buys at the price δ so her utility will be u(0) = 0.
Consider now the stage of the game where the price comparison site's manager chooses firm and consumer participation fees. Suppose that at the equilibrium fees firms and consumers mix between participating and not participating. Table 3 shows that the elasticity of consumer participation is also positive in this case. As a result, the intermediary will continue to raise the user fees until all consumers participate with probability one. Table 4 we show that the price comparison site's profits increase by lowering the firms fee and increasing the users charge until they reach 0 and 1 respectively, which implies that all firms and consumers participate with probability one. In that case, product prices are driven down to marginal cost and the bulk of the profits of the intermediary is obtained from the consumers. Notice that with price discrimination, the market allocation is efficient. The intuition is the following. By increasing competition in the platform, prices go down and more surplus is generated for consumers. This surplus, since buyers have in practice no outside option, can be extracted from consumers via participation fees. Interestingly, the fact that firms can price discriminate eliminates the surplus consumers obtain by opting out of the price comparison site and this ultimately destroys the profits of the retailers.
Click-through fees
In recent years many comparison sites have replaced the fixed-fees by a cost-per-click (CPC) tariff structure. In this subsection we show that the CPC business model does not alter the main insights we have obtained so far. 9 Let c be the click-through fee. Assume also that there still exists a (small) fixed cost a firm has to pay for advertising on the platform, denoted k, which can be interpreted as a hassle cost for feeding up the comparison site information system. The profits of a firm that advertises on the platform then become
The first part of this profits expression comes from the consumers who do not register with the platform and buy at random. The second part comes from the consumers who participate in the comparison site. These consumes click on firm i's offer when firm i is the only advertising firm, which occurs with probability 1 − α, or when firm j also participates at the clearinghouse but advertises a higher price than firm i, which occurs with probability α(1 − F (p)).
Using the condition π i (0, δ; σ * −i ) = π i (1, δ; σ * −i ) and solving for α gives
If µ consumers participate in the platform, the total expected number of clicks is then µ(1 − (1 − α * ) 2 ). Using the condition π i (1, p; σ * −i ) = π i (1, δ; σ * −i ) and solving for F gives
The decision of consumers does not change-they participate with a probability µ * , which is the solution to u(1) = u(0). The profits of the intermediary are then Table 5 shows that the property that the elasticity of the consumer demand for participation is positive still holds. As a result, the platform will increase s until all consumers register with the price comparison site. Given this observation, to maximize the profits of the comparison site we need to solve Table 6 shows the solution of this problem for δ = 1 and k = 0.2. The profits of the intermediary are maximized when c = 0.563 so again in SPE user participation is maximized but firm participation is not. The intuition for this result is the same as above. 
Differentiated products
We continue with the case in which firms sell products that are both horizontally and vertically differentiated. Galeotti and Moraga-González (2009) study a similar model, but without vertical product differentiation, that is, δ i = δ for all i, and with match values uniformly distributed. Here we explore the role of vertical product differentiation and we choose to work with logit demands for convenience. Later, we shall see the relationship between these two models.
Recall that µ is the proportion of consumers in the market registering with the comparison site and that α i is the probability firm i advertises her product at the comparison site. We first look at the price set by a firm that does not advertise at the comparison site. Denoting by p io such a price, it should be chosen to maximize the profits a firm obtains from the consumers who visit a vendor at random. Since consumer m's outside option generates utility u 0 = ε 0m , we have
Let p * io denote the monopoly price of firm i, and π * i (0, p * io ) the profits this firm obtains if it does not advertise. Taking the first-order condition of equation (2) with respect to p io and solving for p io gives
where W [exp(δ i − 1)] is the Lambert W-Function evaluated at exp(δ i − 1), i.e., the W that solves exp(δ i − 1) = W exp(W ).
Suppose firm i decides to advertise a price p i at the comparison site. The expected profits of this firm are
where α j is the probability the rival firm advertises at the comparison site. As can be seen from this equation, demand depends on whether or not the rival firm advertises. With probability α j seller i competes with seller j for the proportion µ of consumers visiting the comparison site, which means that in order to make a sale the utility offered by firm i needs to be larger than the utility offered by firm j as well as the outside good. Since we are assuming ε im is i.i.d. type I extreme value distributed this happens with probability exp
. Similarly, with probability (1 − α j ) seller i is the only firm competing on the platform, which means u i only has to be larger than u 0 for firm i to gain these consumers, i.e., exp
Finally, a proportion (1 − µ)/2 of consumers buy at random, and the probability of selling to these consumers is exp
The expression for the profits of firm j is similar. Taking the first-order conditions with respect to p i and p j yields a system of equations that characterizes the equilibrium prices. Unfortunately it is difficult to derive a closed-form expression for these prices. Figure 1(a) , however, shows for selected parameter values that the equilibrium price of firm i decreases in α j . 10 Intuitively, as α j increases, the probability a firm meets a competitor at the comparison site goes up and this fosters competition. As shown in Figure 1 (b) the profits of firm i also decrease in α j .
We now study the behavior of consumers in the market. If a user does not register with the comparison site, she just visits a firm at random. Therefore, the expected utility from this strategy is
10 The parameter values used in Figure 1 are µi = µj = 1, αi = 1, δi = 1, and δj = 0. 
Armed with these equations, we can study the continuation game equilibria. Basically, there may be two kinds of equilibrium. An equilibrium with full consumer participation (µ * = 1) (and either full or partial firm participation), or an equilibrium with partial consumer participation (µ * < 1) (and either full or partial firm participation). In both types of equilibria, if the firms mix between advertising and not advertising the advertising probabilities must solve
In the second type of equilibrium, if the users mix between participating and not participating, the participation probability µ * must be the solution to
In the first stage of the game the owner of the comparison site chooses the pair of fees {a, s} such that her profits are maximized. The profit of the intermediary is given by
Horizontal product differentiation
It is convenient to first assume products are not vertically differentiated, i.e., δ i = δ j = δ. This means firms are symmetric and therefore we only need to consider two participation probabilities, α and µ. This case has been studied by Galeotti and Moraga-González (2009) for the N −firm case and a uniform distribution of match-parameters. Galeotti and Moraga-González (2009) show that in SPE the comparison site chooses firm and user fees so that firms and consumers join with probability one. That this also holds for a double exponentially distributed match-parameter can be seen in Table 7 . The table shows that when either α or µ are less than one the profits of the intermediary can go up by increasing the fees to firms, consumers, or both. As a result, the intermediary will set both a and s such that all agents participate, that is, α = µ = 1. The intuition is similar to that in the model with homogeneous products. Suppose users mix between registering with the comparison site and not doing so. A raise in their registration fees makes them less prone to participate. To restore equilibrium firms should be more active in the comparison site. A higher participation rate of the firms can then be consistent with the expectation that consumers also participate more often. These cross-group externalities imply the increasing shape of the profits function of the comparison site in s. Therefore, the intermediary will continue to increase s till either α = 1 or µ = 1. When α = 1, the table shows how an increase in the firms fee increases consumer participation, lowers the price as well as firm participation. Profits of the comparison site increase anyway because consumer demand for participation is more elastic than firm demand for participation. Since an increase in a decreases firm participation, this relaxes the α = 1 constraint and then the intermediary can increase again the consumer fee. This process continues until the intermediary extracts all the rents in the market up to the value of the outside option of the agents. We note that this insight is not altered if the retailers are allowed to price discriminate across marketplaces (see Galeotti and Moraga-González, 2009 ).
One important assumption behind the efficiency result is that agents are all ex-ante symmetric.
If for example firms are ex-ante heterogeneous, a monopolist intermediary may induce a suboptimal entry of agents into the platform (see Nocke, Peitz and Stahl, 2007) .
Click-through fees
If we allow for a click-through fee c in addition to an implicit and exogenous fixed cost k of advertising at the comparison site, the expected profits of a firm i are
The first part of this profits expression comes from the consumers who participate in the comparison site. These consumers click on firm i s product to get directed to firm i's website when firm i is the only advertising firm and consumers prefer product i over the outside option, or when firm j also advertises its product but consumers prefer product i over product j and the outside option. The consumers who do not register with the platform buy at random and therefore do not generate any costs of clicks.
The formula for the profits of the rival firm is similar. The utility consumers obtain when they opt out of the platform is the same as equation (3), while the utility they get when they register with the intermediary is the same as in equation (4). As we have done above, if firms mix between advertising at the platform and not advertising, it must be that π * i (1, p * ) = π * i (0, p * io ) and π * j (1, p * ) = π * j (0, p * jo ). If consumers mix between registering with the intermediary and opting out it must be that u * (1) = u * (0). The platform's profits stem from consumer subscriptions and click-through traffic. Therefore,
The following table shows that the behavior of the profits function of the intermediary with clickthrough fees is qualitatively similar to the one with fixed fees. Suppose firms and consumers opt out with strictly positive probability. Then, for a given click-through fee, the intermediary can increase the consumer subscription fee and obtain a greater profit. Likewise, for a given subscription fee, the intermediary can increase the consumer subscription fee and increase benefits. As a result, firms and consumers must all participate surely. 
Vertical product differentiation
We now consider the case in which firms sell products that are also vertically differentiated. Without loss of generality we normalize firm j's quality level to zero and assume firm i offers higher quality than firm j, that is, δ i > δ j = 0.
We first hypothesize that at the equilibrium fees a and s, consumers participate with probability less than one, so µ < 1. Moreover, for large enough differences in quality, the high quality firm i participates with probability one and firm j participates with probability less than one, so α i = 1 and α j ∈ (0, 1). If this is so it must be the case that
Since we are assuming the intermediary has to charge the same fee a to both firms, such an equilibrium could arise if the intermediary sets her fees such that the low quality firm is indifferent between participating or not participating-for large enough differences in quality this implies that the high quality firm will always obtain higher profits by advertising on the comparison site than by selling to the non-participating consumers. From these equations we can obtain the equilibrium participation probabilities (α j , µ). The quality parameter δ i is set to 1, while δ j = 0. Table 9 : Model with vertical product differentiation (∆ = 1) Table 9 shows the behavior of firm and user participation rates and the profits of the intermediary when the quality difference ∆ = δ i − δ j = 1. Starting from a relatively low level of a and s, an increase in s increases both consumer and firm participation. As a result, the intermediary will continue to increase s till α j is one. From that point onwards, an increase in the firms' fee increases the user participation rate and lowers the participation of firm j so the intermediary again finds it profitable to raise the consumer fees. This process continues until firm j and the consumers all participate with probability one. The intermediary maximizes its profit at a = 0.188 and s = 0.281. So far we have looked at an equilibrium in which the fees are set such that both firms will participate. However, the intermediary could also set its fees such that only the high quality firm participates, which means it must be the case that
The last line of Table 9 shows that if the intermediary sets her fees such that only the high quality firm participates, profits are lower than if it lets the two firms participate. Nevertheless, for relatively large differences in quality it might be the case that the intermediary prefers only the highly quality firm to advertise on its website. For instance, when ∆ = 3 the comparison site maximizes profits by setting a and s in such a way that firm j does not find it profitable to advertise on the platform, while firm i participates with probability one. This can be seen in Table   10 where we describe the behavior of firm and consumer decisions and the implications for the comparison site's profits for ∆ = 3. As shown in the table, since the high quality firm is the only firm active at the comparison site, for all a and s the price found on the intermediary will be the same. Starting from relatively low fee levels a higher s leaves the participation rate of the consumers unchanged-α i is changed in such way to keep consumers indifferent between participating and not participating. Increasing a leads to higher participation of the consumers, and as such to higher profits for the intermediary. As shown in the table the intermediary maximizes her profits when a = 1.557 and s = 0.347 (in bold). Comparing the last two lines of this table shows that in this case setting a relatively low a such that both firms will participate will generate lower overall profits for the platform in comparison to setting a relatively high a such that only the high quality firm participates. However, as shown by the last column of Table 10 welfare W is higher when everyone participates. the comparison site has incentives to charge fees so high that some firms are excluded. The fact that some firms are excluded generates price dispersion, which creates value for consumers. This value, in turn, can be extracted by the comparison site via consumer participation fees. The market allocation is not efficient since products are sold at prices that exceed marginal cost. By contrast, when on-and off-the-comparison-site prices can be different, the comparison site has an incentive to lure all the players to the site, which generates an allocation that is efficient.
When online retailers sell products that are horizontally differentiated, the comparison site creates value for consumers by aggregating product information. In this way, the comparison site easily becomes a more attractive marketplace than the decentralized one (Galeotti and MoragaGonzález, 2009). In equilibrium, even if firms cannot price discriminate the comparison site attracts all the players to the platform and an efficient outcome ensues.
Allowing for vertical product differentiation brings interesting additional insights. The platform faces the following trade-off. On the one hand, it can attract high and low quality producers to the platform so as to increase competition, aggregate information and generate rents for consumers that are ultimately extracted via registration fees. Alternatively, the comparison site can set advertising fees that are so high that low quality sellers are excluded, thereby creating value for the top sellers.
When quality differences are large, the latter strategy pays off. The comparison site excludes low quality from the platform, and grants higher rents for advertising sellers. Part of these rents are ultimately extracted by the comparison site. Some value for consumers is destroyed and the resulting allocation is inefficient.
Along the way, we have kept things simple and therefore left aside important issues. One important assumption has been that firms and consumers could only use a single platform as an alternative to the search market. In practise, multiple comparison sites exist and questions about how they compete with one another and their sustainability in the long-run arise. Moreover, if retailers are ex-ante differentiated, one aspect worth to investigate is whether they distribute themselves across platforms randomly of else they are sorted in a top-own way across them. One practice we observe in recent days is that retailers are given the possibility to obtain priority positioning in comparison sites' lists after paying an extra fee. Adding this choice variable to the problem of the platform's manager would probably complicate matters much. One way to address this issue is to use the framework put forward in the literature on position auctions. Priority positions could be auctioned as it is the case in search engines advertising. In this connection, Xu, Chen and Whinston (2011) study a model where firms sell homogenous products and bid for prominent list positions. They relate the extent of market competitiveness to willingness to bid for prominent positions. Another realistic feature we have ignored throughout is incomplete information. When quality is private information of the retailers, the problem of the platform is how to screen out good from bad thereby creating value for consumers. For a mechanism design approach in the context of search engines to this problem see Gomes (2011) . Finally, another simplifying assumption has been that search costs are negligible within a platform. When searching the products displayed in the price comparison site is still costly for consumers, platforms may have incentives to manipulate the way the alternatives are presented, thereby inducing more search and higher click turnover (see Hagiu and Jullien, 2011 ).
On the empirical side, much research remains to be done. In fact, not much is yet known about the extent to which theoretical predictions are in line with the data, especially in settings where product differentiation is important. Comparison sites can potentially provide a wealth of data. Detailed data from comparison sites may be helpful to learn how exactly consumers search for products. Some consumers might sort by price, while others may sort by quality ratings or availability. This type of information may give firms indications about the best way to to present their product lists. Click-through data can facilitate the estimation of structural models of demand. Finally, using data from bids for prominent positions may be a useful way to estimate the characteristics of the supply side of the market.
